Pesticides are environmental contaminants that after use in agriculture, aquatic ecosystems are entered. These contaminants can enter the food chain and can cause problems for aquatic organisms and even humans. During the acute toxicity of this herbicide paraquat on some blood parameters, Mesopotamichthys sharpeyi (the total number of red blood cells, hemoglobin concentration, and total white blood cell count, hematocrit and blood indices) in fisheries laboratories, Khorramshahr University of Marine Science and Technology were studied. The sub lethal toxicity studies of 40 fish in 4 treated on the basis of three different treatments LC 50 96 h (25, 50 and 75 percent LC 50 96 h), and a control treatment for 96 hours were exposed to the pesticides paraquat. 10 fish were randomly distributed into plastic containers 25 liters. Tests based on standard methods O.E.C.D were on the fish and the static. The number of red blood cells, hemoglobin concentration, percent hematocrit, white blood cell count, MCV, MCH and MCHC Mesopotamichthys sharpeyi at different concentrations after 96 h with the control treatment significantly reduced (0.05 > P) that was directly affected by different concentrations of the paraquat.
human activities is becoming a fundamental problem. Determination of the toxic compounds in aquatic environments and their effects on aquatic organisms are a fundamental issue in ecotoxicology science. Toxic substances present in the environment can be determined by chemical analysis, but its effects on aquatic organisms in aquatic ecosystems cannot be determined by chemical analysis.
Hence, to assess the environmental impact of toxic compounds, the use of mortality or bioassay experiments is necessary [1] . Water quality is rapidly declining due to the rapid growth of industries, various applications of chemical fertilizers and the use of pesticides. One of the main causes of pollution of aquatic ecosystems is agricultural pesticide, which is used to deal with pests, weeds and agricultural diseases and they have adverse effects on the environment [2] . Within a few weeks of using these pesticides in agricultural activities, they entered to aquatic ecosystems through surface runoff and subsurface drainage. 40% of the world's productions of pesticides are related to herbicides. Herbicides are generally used by farmers to control weeds, remove aquatic plants in rivers, lakes and water reservoirs, which generally have harmful effects on aquatic animal health. Paraquat (1,1-dimethyl-1,4, 4 B Prydynyvm chloride) is a herbicide that is used to destroy the weeds in tropical regions and it enters to aquatic ecosystems [3] .
Herbicide paraquat is used in different parts of Iran with different climatic conditions and different agricultural activities, and the proposed amount of this herbicide is three liters per hectare for sugarcane plantations [4] . Herbicide paraquat is toxic to fish and one of these species is Benni with the scientific name Mesopotamichthys sharpeyi [5] that is from the carp family and Barbinae genus.
Benni fish is one of the commercial species of Khuzestan wetlands that is very important due to the relatively good growth, tolerance to adverse environmental conditions, high resistance to warm and stagnant waters with low oxygen levels and also high economic value of culture among other native fish [6] . Benni fish has gained popularity among residents of southern and southwestern of Khuzestan Province and can be considered as an important source of protein for them [7] . This species is distributed in limited areas of the world and its main habitats in Khuzestan Province are Horolazim and Shadegan wetlands. Shadegan wetland is threatened with the arrival of drainage of Sugarcane agro-industry companies and their components and also toxins wastewater of these units. The wetland is damaged in recent years under the influence of non-natural agents and entering of pollutants, including agricultural waste along with a variety of pesticides that threaten wetland wildlife [8] . Fish directly associate with the aquatic environment, so the incidence of physical and chemical changes in the aquatic environment quickly leads to measurable physiological changes in fish [9] .
In recent years, the incidence of mortality due to pesticides, industrial effluents and sewage contamination has been reported in Iran [10] . One of the most important and reliable indicators for the health assessment and fish physiology is measurement of blood parameters which are influenced by the nutritional and environmental factors. Blood characteristics of fish are one of the most important evidences of their physiological processes and reflect the relationship be-tween aquatic ecosystem characteristics and their health status [11] [12] . For this reason having a normal range of fish blood parameters can be used as a bio-indicator. Changes of blood properties in response to environmental conditions are a response to environmental stress and can be considered as an important bio-indicator. Using of hematology methods is expanding in aquaculture activities, particularly is important in toxicology researches, environmental monitoring and evaluation of aquatic animal health [13] . There are few reports about the effects of herbicide Paraquat on the health status of fish. [14] reported a decrease in the growth of rainbow trout in chronic poisoning with the herbicide Paraquat.
[15] examined the toxic effects of various concentrations of the herbicide Paraquat on the liver of farmed rainbow trout. Also [16] were caught from each group and blood was sampled from the caudal vein using 1 cc syringes and blood samples were transferred to eppendorf tubes coated with heparin. Serum separation from blood cells by centrifuge (Labofuge 200, Sepatech Heraeus, Germany) was conducted at 3000 rpm for 10 minutes [20] . For counting of white blood cells, hemocytometer (neobar) slide was used and white blood cells were counted by blue bulb pipette (melangeur) [21] [22]. For diffe-rential count of white blood cells initially need to prepare blood smear slides. For this purpose, blood smears were prepared after blood collection. After fixation of blood smears with methanol, they stained by Giemsa solution. After performing these steps, blood smears were prepared for observation with a microscope [23] .
Materials and Methods
The number of red blood cells was counted using a Neubauer slide after dilution of no-clotting blood by Hime solution [24] . The amount of hematocrit was measured by microhematocrit [25] . Hemoglobin levels were determined by colorimetric method using a spectrophotometer at a wavelength of 560 nm [26] . The blood indices such as MCV, MCH and MCHC were measured by following formulas:
( )
MCV fL Hct % RBC 10 μL 10
MCH pg cell Hb g dL RBC 10 μL 10
To measure the protein content of the plasma, the refractometer was used [27] . Automatic osmometers were used to measure serum osmolality. Glucose measurement was carried out by an enzymatic method using a spectrophotometer with a wavelength of 546 nm [28] . Data normality was investigated by normality test. One-way analysis of variance (ANOVA) was used to determine significant differences in normal data of blood parameters and in the case of nonnormal data, Kruskal-Wallis test was used. Statistical analysis and graphs preparation was carried out through SPSS 16 and Excel 2010, respectively [29] .
Results
Water quality parameters including oxygen, temperature and pH were measured and recorded during the experimental period on a daily basis, which are indicated in Table 1 . Blood indices of Benni fish in three experimental groups and the control group are given in Table 2 . The results of this study suggest that Benni blood parameters are affected by herbicide Paraquat. All parameters measured in this experiment included the total number of red blood cells, hemoglobin concentration, the total number of white blood cells, hematocrit percent and blood indices such as MCV, MCH and MCHC significantly decreased in the experimental groups (25, 50 and 75 percent of 96 h LC50) compared to the control group (P < 0.05).
Different letters in each row indicates the presence of significant differences between the experimental groups (P < 0.05) (S.D. ± Mean). According to Table  3 , white blood cell differential count in this study showed that the percentage of lymphocytes, eosinophils, monocytes and basophils in all treatments after 96 hours were less than the control group. After 96 hours of exposure to Paraquat, significant decrease in the percentage of lymphocytes was observed in different treatments (P < 0.05). In this study in addition to decrease in lymphocytes, percentage of eosinophils, monocytes and basophils in all treatments after 96 hours were less than the control group but the difference was not significant between treatments (P > 0.05). Blood neutrophil counts in this study showed that, unlike other white blood cells (lymphocytes, eosinophils, monocytes and basophils), the number of neutrophils had an increasing trend with increasing concentrations of Paraquat. Comparison between the percentages of blood neutrophils showed that after 96 hours of exposure to Paraquat, a significant increase was observed between the percentages of neutrophils (P < 0.05).
According to Table 4 , total serum protein and serum osmolality of Benni fish in different concentrations after 96 hours of exposure to Paraquat are shown in to Paraquat, a significant increase in blood glucose was observed at all treatments (P < 0.05). According to the results it can be stated that an increase in blood glucose levels can be seen by increasing the concentration of toxin in all treatments and it shows a direct correlation between blood glucose levels and increasing concentrations of Paraquat.
Discussion
Biochemical and Hematological parameters are used as indicators for evaluating physiological changes in the fish. Age, sex, nutritional status, environmental factors and stress are considered as known factors to cause changes in hematological parameters [30] . The aim of the measurement of blood parameters is that in recent years, this method is used as an easy and useful method to assess the effects of sublethal toxicity of herbicides on fish [31] . The results of this study showed that the herbicide paraquat led to stress effects on teleost fish such as Benni during the experimental period. In these cases, fish are very sensitive to pathogens and may be very vulnerable against predator creatures. White blood cells are the smaller number compared with red blood cells, and they have the defensive role in the body of organisms. As have been pinpointed from the obtained results, the number of white blood cells in all treatments after exposure to paraquat was lower than the control group and the significant reduction in the number of white blood cells in experimental treatments after 96 hours was observed compared with control group (P < 0.05). [32] studied acute toxicity effects of pesticide Endosulfan on blood parameters of tilapia, Oreochromis mossambicus and they reported that white blood cell count was significantly (P < 0.05) lower than the control group. In eel fish, Monopetrus albus exposed to Endosulfan was obtained similar results so that the amount of white blood cells in the control treatment was significantly different from other treatments [33] (P < 0.05). Changes in the levels of white blood cells following exposure to paraquat may be due to disturbances in the process of hematopoiesis and subsequent reduction or non-specific immune weakening is fish [34] . White blood cells include lymphocytes, neutrophils, eosinophils, monocytes and basophils, each of which plays a different role in the body of fish. The centrality of the specific defense mechanism is lymphocytes. Lymphocytes are seen in the blood circulation, lymphoid organs and other tissues, especially during inflammatory reactions.
Lymphocytes are involved in the immune response of aquatic animals by antibody production (immunoglobulin). White blood cell differential count in this study showed that the percentages of lymphocytes, eosinophils, monocytes and basophils in all treatments after 96 hours were measured less than the control group. According to results of this study and other researches, changes in white blood cell differential count after exposure to paraquat may be due to disruption in the process of the hematopoietic and subsequent reduction or suppression of non-specific immune in Benni fish and then body strength of fish exposed to Paraquat reduces and they are easily susceptible to pathogens [35] . Decreasing the percentage of lymphocytes, eosinophils, monocytes and basophils exposed to pesticides was reported by different researchers. [36] studied the effects of diazinon on blood parameters of stellate sturgeon, Acipenser stellatus. [37] investigated the effects of sublethal concentrations of diazinon on grass carp, Ctenopharyngodon idella and reported the significant increase (P < 0.05) in percentage of neutrophils and significant reduction (P > 0.05) in the percent of lymphocytes and monocytes compared with the control group. Other researches in this context can be noted to researches by [38] on common carp, [38] on [39] on Persian sturgeon. [40] also studied the impact of pesticide diazinon on some blood parameters of rainbow trout. Neutrophil count results in control and treatments group in 25, 50 and 75 percents of the LC50 show the highest mean at 50 percent. The results showed that there were statistically significant differences in neutrophils among the treatments and diazinon had had a significant effect on the blood parameters, in which an increasing trend at neutrophils levels was observed in 25% and 50% treatments but a significant reduction was seen in 75% treatment along with diazinon increasing. This study revealed that the number of red blood cells in all treatments after exposure to paraquat was less than the control group and a significant reduction in the number of red blood cells was observed at all treatments (P < 0.05). The results of this study are similar to the results [41] . Red blood cells play an important role in oxygen transportation in the body and an insufficient amount of red blood cells has the negative effect on the body of aquatic animals and reduces the total protein in blood plasma [42] measured the effect of herbicide Butachlor on blood parameters of perch fish. The results indicated a significant reduction in red blood cells compared with control group (P < 0.05). The number of red blood cells can have a significant effect on the total energy balance of the body. When the fish has less metabolic activity, a large number of red blood cells are not needed and their number continues to decline [43] . A significant reduction in the number of red blood cells indicates the severe anemia caused by herbicide paraquat in fish that have been exposed to the toxin. Anemia can be the answer to the destruction or inhibition of production of red blood cells, dilution of the blood (increase in plasma volume) and can also be caused by the destruction of intestinal cells by toxic substances [44] . Reducing the number of red blood cells may be because of inflation of red blood cells or lysis of blood that is probably due to the presence of protein-carbon IV oxide in the blood. It is also possible as a result of anemia which is probably due to the dilution of the blood caused by disorder of osmoregulation across the gill epithelium [45] . However, the decline in production of red blood cells in the kidney or dilution of blood due to dysfunction of osmore-gulation across the epithelium may be the cause of reducing the number of red blood cells of Benni fish exposed to different concentrations of paraquat [12] .
[46] by investigating malathion on Cyprinion wabosoni reported that toxins caused changes in the body of the fish, which reduced the activity of initial hematopoietic tissue and thus caused anemia in the fish. Hematocrit is used to measure the volume of red blood cells and expressed in terms of volume percentage of red blood cells to total blood volume. This test is used today as the separately simplest test for anemia [47] exposed to Paraquat which is less than the control group and a significant decrease is observed in the amount of hematocrit in all treatments with control group after 96 hours (P < 0.05). [48] studied the effect of herbicide Butachlor on some haematological parameters of Kutum (Rutilus frisii kutum Kamenski) and obtained results showed that hematocrit significantly decreased from 51.23 in control group to 33.96 in LC50 75% (P < 0.05).
Reducing the hematocrit may be due to hemolysis of red blood cells which result in anemia in fish [49] . This study showed that hemoglobin in all treatments after exposure to paraquat was less than the control group and a significant decrease in the number of blood hemoglobin was observed in all treatments (P < 0.05).
The researchers in this study reported hemoglobin reduction due to anemia caused by exposure to diazinon. Also the significant reduction (P < 0.05) of blood hemoglobin was reported in the study of acute toxicity of diazinon on hematological parameters of European catfish, Silurus glanis L. [50] . Reduction in hemoglobin may be due to the destructive effects of pesticides on tissues that produce hemoglobin. Its result is damage to hemoglobin. Regarding the role of hemoglobin in the transmission and distribution of dissolved oxygen to the tissues for metabolism, reduction in hemoglobin leads to respiratory disorders and lack of oxygen in Benni fish [51] .
According to the results of this research, the blood indices including MCV, MCH and MCHC of Benni exposed to paraquat were lower than the control group (P < 0.05). [52] MCH, MCHC which can be a sign of anemia in fish [18] . This anemia is resulting from the stress of bacterial infections (Silveira-Coffigny et al., 2004 ) and exposure to agricultural pesticides [25] . The presence of a large percentage of immature red blood cells in the bloodstream may be a reason for reduction of MCV and MCH. On the other side, reduction of MCHC in this study may be due to decreased production of hemoglobin after exposure to diazinon [30] . Another reason for reduction in MCHC is reduction in cell hemoglobin or hypochromic [27] . During the anemia, MCHC values reduced because large cells had less hemoglobin concentration [50] . MCHC reduction resulted from increased production and secretion of reticulocytes that had a larger size but less hemoglobin content compared to mature red blood cells (Lermen, 2004) . Changes in serum biochemical parameters can be considered as a suitable factor for detection of sub-lethal toxic effects on target organs and physiological status of fish exposed to toxins [9] . Of major changes in blood biochemical parameters of Benni fish after exposure to paraquat can be noted to the significant reduction in total serum protein in blood serum. Total concentration of plasma proteins compared with the base is used as a clinical indicator in measuring the health, stress and body condition of aquatic organisms [19] . Change in protein synthesis is one of the most common responses to cellular damage, therefore, by measuring the amount of protein can be understood the amount of cell damage [11] . Given that most of the proteins are synthesized in the liver, protein reduction in blood plasma may be related to liver impairment of fish in the vicinity of pesticides.
The significant decrease (P < 0.05) was observed in the blood total protein of European eel Anguilla Anguilla that had been exposed to pesticide Malathion [26] . [33] studied the effects of diazinon sublethal concentrations on serum total protein of Persian sturgeon (Acipenser persicus) fingerlings and concluded that with increasing concentration of toxin, a significant reduction could be seen in the amount of total protein at 24 and 96 hours of exposure to pesticide diazinon in comparison with control group (P < 0.05). [36] studied effects of sublethal concentrations of pesticide diazinon on some biochemical parameters of rainbow trout and reported that plasma total protein was significantly lower than the control group and its reason was expressed chronic liver disease. Decrease in plasma total protein may have effects on physiological activities of bream and suppresses the immune system, which may have negative effects on the life of this fish [44] .
Finally, after 96 hours of testing of biological effects of Paraquat on Benni fish, it was found that these herbicides had significant effects on hematological and biochemical parameters and could cause such risks in the growth and survival of these species.
